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One of the most importan%/and probebly the most interesting phase of

2 manned lunar mission will be the time the astronauts spend outside their
venicle on the moonts surface taking scientific measurements, exploring
The surface features, surveying possible sites for a lunar base, inspecting

their vehicle and preparing it for their return trip. Because the lunar
‘ .

gravity is only one-sixth that of the earth gravity, the explorers un—
btedly will have to adjust their accustomed methods of walking, climbing,
Jumping and performing other self-locomotive activities in corder to carry
ouv these various tasks. Inzsmuch as the over—all success of the lunar
mission will depend to a large extent upon the self-reliznce of the
explorers, it will be necessary to have extensive knowledge of the effects
of the moon's reduced gravity on tre physical capabilities of man and of

-

mants apility to adopt to the new cnviromment prior to the planning and

execution of the mission. ..3 the presaat time there is a dsarth of infor—
ration on this subjece cue orimarily to the lack of a praciical technique
for simulating the »cauced gravity. Several techniques such as immersion

in water and riding in an airplane flying a Keplerian irajeciory have been

oilities of man)but these techniques are limited in their usefulness either

by restrictions imposed by the viscous effect of the water or by the short
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“e37 tull aveiladvle inan airplane. Consequently, an
ULe weBSA — Langley Research Center to devise a new tech—

niZue that would provide a realistic simulation of a reduced gravity
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imited periods of time and allow freedom of movement over



consicerable distances. This paper
concerns itself witlh a discussion of the newly developed simulation tech—
rnigue and a presentation of some of the preliminary results
a working medel based on this schems,

This technique is based on 2 few simple observations the first of which
is that, the body members translate and rotate essentialiy in parallel
planes in the fore-aft and up~-down directions as a person waliis, —uns, jumps

and performs the many other tasks in a normal manner. (Illustrated in

;were consirained so that they were free to move only in parallel planes,
the test subject could still periorm a nurber of tasks in a more or less
normal marnner in these pPlanes. The sescond observation is
that the movement of a body or cbject in & plane inclined

with respect o the gravity vector is governed only by the gravitational
component in that plane. Corcocuently, 1t is vossible to study the movement
of & person under any desived reiuced gravity level nmerely by supporting the
properly constrained test subject at some angle with respect o tne verbtical

depending on the gravity level desired. TFor the case of lunar gravity the

subject is tilted 80,5 degress with respect to the vertical as illustrated

ement the technigue, a su:sension system was devised
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he sudbject at the head, chest, buticcks and the calf of each
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1eg as illustrated in figure 3 end 4. ‘The bar attached to the low.s leg

was used in order to provide freedom for the upper leg. The supporis were
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nAan overhead

run back and fortin Keeping
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iz cables over the test subject as he moves back and fortih along a waliway
Parallol to the trolley track., The restradnt on the moventat of the test

sudject imposed

‘N

o'
Q<"
ot
jay
@
H
]
!.’u
O
d..
PER
O
ja]
j{¥)
[
£,

mass ol the trolley can be minimized or

L

eliminated by use of an operator or servo system to keep the trolley accu—
rately aligned with the test subj:ct. Inclination of the test subject is
established by cisplacing the wallway from directly beneatl the overhead

<. The displacement of the walkway as a function of the simulated
gravity in terms of the gravity ratio, i.s., the ratio of simulated gravity
"gh to ecarth Eravity "G" for different suspension cable lengihs, is shown
in figure 5. Gravity gradient corrections that stem from the fact that

his cable suspension sysvem produces motion in 2 curved plane and conse—
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quently generates small changes of the inclination arsle are also presented
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in figure<5 &5 & runctlon of cable length and graviiy gr
There are of course some limitations to %the applicivion of this
nique because Lhe internal organs of the body are suill susjected to the
full effects of the carthls gravity and ihe body members are restrained
Irom gross lateral rovements. Consequently, this technique is wust readily
adapitable to studies of vhysiological or Physcological effects or to studies
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01 body movenents involving out—ol-piane motion such as running in a curved
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n spite of these
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’s or Jumping laterally,
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BLOXT comings, this new Tecihnique appesrs Lo be z valuable research tool
or the studies of manis capabilities not only in the lunar gravity but also
in other coxditions of reduced gravity such zs can be experienced on other

celesiial bodies or on rotating and non-rotating space stations.
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In order to demonstrate the feasibility of this scheme a number of
L& experiments and observations were made concerwming the ability of a

large nurder of test subjects of various sizes and stature to perform

several body maneuvers undsr the in nce of the simulated lunar graviily,

o

Where practical, similar lests were also made under the normal earth's
gravity for purposes of comparison. The results of these tests and obser—
vations are discussed in the remeining portion of this article. A more

complete presentation of this work can be found in reference 1.

e

In general all subjects found it difficult initially to sense their
vertical direction dbut following a few minutes of orientation became adapted

To the reduced gravity condition. Quite often 2 subject was observed to

N

stand in a stooped attitude ard there was a tendency tc deve lop a stance

with cne foolt slightly ahead of the other in 2 manner somewhat similar to
ot

that used on-board & pitching ship. In many cases the subject tended to

meve back and zomu; continually as though trying to "feel® for his stance,

J-cts ended up standing on their tiptoes. These effects

nd often the sub

»

N

ne fact that the pressures on the feel were very

ot

are aviributed in nart t

(&}

low due to the low weight of the body. Since thess pressures are used
normally by the subjecls sensory system in conjunction with other senscry

cues to detect the vertical direction, the subject apparently used the

atilempt to increase the foot reaction pressures and, consequentl ¥, improve

nis sensory responses and sense of balance.



Crne of the other seasory cues used to sense vertical direction and loss o

sible lhat there was an
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£ the inner ear while performing the usual
body movements in the somewhal unuswal position or attitude. Since this
.reclining atiitude is a natural one for rest ag and sleeping, it is unusual
only from the ciandpoint of the subiec® ™ ,_ng called on to perform various

- -

tasks., It iy doubtful that tidls possible ear effect is.a serious consider—

-

ation, hc.ever, inasmuch as all subjects reported their condition as quite
comfortable with no semse of dizziness, a factor which usually accompanies
the disruption of normal funciioning of the inner ear. Furthermore, several

subjects reported a sensation of being inclined for several seconds after

-

g that their sensory system had actually

o

leaving the test device indicatin
become adjusted to the inclined attitude. .

Arnother possible facltor responsible for the poor judgement of The verti-
cal attitude is the lack of suitable visual cues. The tests were carried outb
near the middle of a largze hangaer with the test sudbjects standing on a rather
small l— by 2l—-foot waliksay. Lside from this walkway There were only a few

dl stant building framing members with which the subject could obtain visual

ues of the local veriicel or d1r50uwon of the simulated gravity field. It

c
is quits likely that use of a much lerger walkway and some posis or vertical

H

eference marks mounted on the walkway would provide the subjects with

more effectvevisual reference:and minimize some of the effects noted.



Walking and Running

]

Although the 2L~foot~long plywood runway ussd for these exploratory

roved to be too short for extensive testing, it was possible to dis—
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cern some qualitative effects and obtain a 1imited amount of cuantitative
data. None of the subjects experienced difficully when itrying fo walk at

slow pace, however, nearly all had & tendency to lose their traction and
balence when trjlnc to make rapid movements. This can be compared someﬁhat
to tryinz to run or walk on a highly polished floor or ice.

Some quantitative data were obtained from a series o; running tests
ueing three test subjects, two of average heigat and the third of short
height as well as slender build. One of the average height subjects was
also of slender build and the other was husky. The times reguired by the

subjects wearing tennis shoes or sneakers To cover 10, 15 and 20 feet from

th stop
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lJo

a standing start while exerting maximum effort were measur ed W
vatches for a series of approximately 10 runs for each case. The averaged
T P . L . . 7 m . . . s
times for these tests are presented in figure 6. The subjects reguired at
least three times longer to cover the same distance with the lunar gravity
s with the earth gravily condition. This result is of course, albiributed
directly to the loss of foot traction due to the subjects reduced weight
An the lunar condition. Under lunar graviiy, the subjects leaned forward

LG

in a crouch wita thelr bodies at an angle cof about sixty degrees and took

o

short rapid steps while Trying to atlbein maxdimum acceleration and oiven
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ney were unadble vo maintein their balance because of lost iraction.
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nteresting Lo note that the fastest subject under earth graviiy
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725 the slowest under lunar graviiy, while the slowest subject under earth
grevity was the fastest under lunar gravity. These tests did not establish
the maxdmum running capabllity of mon under lunar gravity because of thoe
short length of the walkway but the emperience gained in these tests indicate
that he probably will not be able to exceed or perﬁaps even egual his eartn
capabilities. ‘

Of course a discussion of the maxdmum running velocity on the moon

based on this Type of test i

s essentially academic because there has been
no consideration given to the practical restraints imposed by the man'ts

spacesuiv which undoubtedly will place severe limitations on his capabilii—

vies, The significant roint to be drawn from these tests

‘_J.

s that
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| however,
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.the loss of foob traction experienced in these tests represents 2 problem
of safety for the lunar explorer in situations where he must move fast to
avold being struck by a moving object or to galn a swrer or more secure

rosition while in 2 precaerious situation.

: Load Cerrying

The same three subjects used in the previous running tests were
ecuipped with a military-type back—cack frame and loads us to 60 earth

- 1 TV en  Aln - LR PR I S P N Aanler Doacvam e A
pounds. For the lunar graviity condilion the back—pack frame and lcads,

a cable from the trolley unit so as Lo produce the equivalent load on the
subject of up to 10 moon pounds. The acdition of the loads in 20 earth—
vounds increments had no apparent degrading effects for the lunar graviiy



conciticn on the subjects comfort or ability to walk, and each subject ex~—
oressed tne opinion tnat the additional weight was tensficial apparenily

tecause of the added foot traction. The addition of the 60 pound load for :
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oserbn grevity condition had an cbvious degrading effcct on both the

A summary of the resulis of the running tests with the back—pack loads

for the lunar grevity condition is presented in figure 7. There were 1o
= Lo g - o~ KA a2 '3 By b L ey 13 ~ PR |
signilicant effects of increasing the lcad up tc the maxdmum of &0 earth

ER b3

tests were made for the eart
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pounds. No lozd carrying rzvity condition
o

but it appears reasonzble to assume on the basis of experience that

increasing the load up to 60 pounds would normally have an apureciable

adverse effect on the running capability.

Verticael Jumping

Measurements were made to deverrine the maximum verticel heights to

-

whichn the test subjecis carryinz 2o load could Jump under the
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both the earth's graviity and the simulated lunar gravity. Most of the
umping tests were made with three subjects who generally were wearing
sireet clothes and shoes. One of these three subjects was of medium height
and husky bulld. the second was téll and of heavy build and the third was
tall end of liziv bulld. During thesc Lests, accelercmeiers were strapped
to the subject ¢ record the vertical acceler;tions generated by each

subject who was asked to perform a series of standing high jumps of

increasing heights up to that obtained by maximum exertion. A movable target
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s¢t at various given heighis above normal standing eye level was used as a

s ol £ sl oyl 3 By o g Yt - ; : '
height reference and the subject jumped so a&s to bring the target to eye

[
3
joy
®
w
¢
fas
[
[0}
t
n

!
H
3
jo)
[
Q.
o
0
o
o

L
ct
<
[0}
P
ja)
[eH
1
[¢
s
ct
N
[e]
[
O
-t
ct
£5¢
o
o)
LJ
O

[ N
<
(¢
ok
w

Ruility o Judge and eontyol his jump,

For the tests of jumping uider the earth gravity condition, average
maximum heights of 20— to 22-inches were obtained, To achieve these heights,
ihe subjects generally jumped f&om a crouched position giving & propelling
stroke, that is, the veortical movemsny of the wpper rart of the body prior
o the time the feet leave the flobr, of about l2-inches.

Average maximum heighis of 8- to 9~feel were obtained for t
condition simulated with the existing equipment. Application of heighi cor—

rections to account for the gravity gradient produced by the test equipment

showed that heights of 12— to 1ll—-feet could be achieved under a condition

N - 2oy Y R S, ]
JLLADS were mace 0y one oI the buOJGCtS

subject's capability was not noticeably impaired by this additional
load. The subjecis were observed to crouch all the way to their ~cels, a

distance of about 2L—inches, in their atiemots to achieve these maimum

feights. Furthermore, during the initial crouching motion, the subjectis

-

el were often observed to 1ift up momentarily from the surface indicating
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wiAv Uie gudjecy was actually puliing nis feet upward toward hinm trying to

7 =55 T iy oy ab PR S -~ neded Erh - A 03 -
Suiidoupn e grester springing action. The subjects commented thet the timing

aerable concentration in order to achieve the maximm helgnus.

the lunar gravity



'he results of the accelersation measurements are presented in ficure 8,
wnere whe incremenial pezk accelerations generated during fthe initial jumping
metion, as illustrated by the diagrem in figure 8, are plotted as a function
ef bhe Jump halpgnt fov the dilfescont cubjects and the wo graviiy levels,

This figure reveals that, although the canebility of the subjects, as indi-

nis incremenial peak acceleration varied, there was a consistent
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reduction of 50 to 70 percent in the performance of each subject produced

N

ne gravity. Studies to determine the reasons for this rcduction

2 problem of minimizins “heir enzaler morentum prior w loss of Icol contact
with the surface o
momentum is nov .rncountered because of the short duration of the jump which
0.5 seconds. For the lunar gravity condition, however,

The maxirum helght provided periods up to about L seconds wnich were suf—

ular velocities to proluce fairly large
angular displacements of the body at the moment of contact with the surfzce.

-
.

The test subi

condition). The limited tests conducted using the LO and 60 pound back—pack




indicated that thig : problem is magnified by the additional mass. These
Tesuits suggest the possibility Thet, I standerd 8- %o 10—

are used in the luner base housin 17, &-foot tall explorers may have trouble
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with bumping thelr hosds on the el ing while purferming mild activitiea.
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Alchough there were 2 number of occasions when the subjects lost their

Becavse of the relatively long duration of the fall, it was 2 relatively
simple matier to extend the arms o legs properly to absord the landin ng
impact even when landing on the back. The landing velocities from these
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mazdrum Jumping heights were in the order of 11— %
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gravity. Falls "flat on t

influence of the lunar ZUEVITY were very gentle and could e tolerated even

experience Las shown that serious injuries can resuli from falls Ircn
neigats consider ably less than the maicdmnm Jumping heighis of 20— 1o

22~inches and even Trom 2 norral standing aiititude,




ffects of the lunar gravity on & persons physical capabilities can
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be desceribed as "exhilarating® because of the increased ability to perderm
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moveneats without penaliy of bodily harm, The vest subjecus

conditions would be attempted only Dy a skilled and practiced gymmast. These

feats included in addition to the previously discussed high jumps forward and

backward Iiips and hand and hea stands. These feats could de accom;lished
with eace even when carrying the fully loaded bacxk—pack.
Clirbing Stairs, Ladders and Foles

Sirnle tests which consisted of welaing up a set of Iive sieps o a

anding revealed that although there was no sericus problem in climbing th

ol 3 3 IR P fdenp S v Do ot oy S
gveirs undey the condition of ‘uanr graviiy v wWas fer b_.i.O.;.bf and required
Ses el yae na vl rerel Vo ump from the v Tlerear agkil + t1
1838 energy coacenivrailon merely o jump from the waelldiey surlace o tue

lending, a vertical cistance of about four feet. The pariticular Test setup

nowever, il was 2 very simple matter of coming down from the landing merely
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four fect is the equivalent of a distance of only eignt inches

uncer earth gravity conditions.
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and Tread almenslons for stairways should be altered for nse in the design

bace in order ©o keep the feel proveriy placed on the ladder rungs. It was

- <&
far simpler to merely graso the rungs with the hands and let “he Tfeetb dangle
uriced. The strengin of the arms was acdequave for 1ifting the weight of the
bodj.
n ) o 5 IR P

subjects using only the hands and arms., L4s a matier of fact, it was even
Tossiblie to use only one hand for clindbing. Under the earin gravily condi~-
+3 e o bhects fTou: 17 2 very it ™enlt ask T cldiry trha Ta
Llon, wis same subjecvs found it & very difficult task o climd the pole
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even with tne use of the legs to grip the pole in tre rorme climbing feshion.
Concluding Remarks

ln addition wo the specific sub
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Lests av leagty I1ily cvher versons of all sizes and stature and both sexes

vie restraint of their body movement 1o the one plane. On the basis of
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ervations of these persons and the quantitative results
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obteined from the tests of the selected subjects, this new gravity simulzation
vecrnique appears to be a feasible and practicel research tcol. Tnasmuch as

for extra—vehicular mobility in space and on the lunar terrain

. v

of gravily levels anywhere from weightlessness to full earth
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8 mrscucad, thore are a ‘arge nunber &f spacg ace Problema Lo
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This technique can be applied. 4 few of these are tested as Tollows:

rractical and efficicnt spacesuils

gy

ion ¢f the range and limits of various forms of man's

- =} 1~ - B IR, -~ - Q- —~
ii-loconotlion and work capabilitics in reduced graviity

Lronrents, such as space, rotating spacecralft and the

moon and other celestial bedies.

. Develogment of awxlliery devices such as rocked Junp packs

base and sstaco-siation facilities. ’
. Training ¢l astronauts to srovide fariliarization with
Ttheir reduced—gravity capabilities.

les rather than persons,. several problems rela g Lo control systenms,
g gears and propulsion systems of terrain-roving ard fiignt venicles
e exgliorsad,

Refcrences
wes, D.3. and Spady, ALA., Jr.: Iveluation of a Cravity Simulation
Technigue for Studies of Man's Self-Locomoticn in the Lunsr Environment
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Torso centerline
| movement plane

Left arm
movement plane

Left leg
movement plane

Figure 1.- Sketch illustrating movement of body members
while walking, running and jumping. LANGLEY
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Figure 7.- Time to run a specified distance, D, carrying a load
under influence of simulated lunar gravity
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